Disability and Rehabilitation: Assistive Technology 
Method: A cross-sectional survey study was designed to recruit wheelchair users, aged 18 or older, performing sitting-pivot or standing-pivot wheelchair transfers, independently or with assistance.
Introduction
Wheelchair transfers are one of the most important activities in the lives of wheelchair users [1, 2] . Wheelchair users represent an extremely broad and diverse group that includes people with different medical conditions, demographic characteristics, lifestyles, needs, difficulties and goals [3] . Depending on their individual characteristics, some people will be able to perform wheelchair transfers independently, while others might need partial or complete assistance. Furthermore, some people who F o r P e e r R e v i e w transfer independently might adopt a standing-pivot or a sitting-pivot technique while others might rely on assistive technologies (ATs) to facilitate their performance [4] . Due to this diversity, wheelchair users will have different needs and employ different strategies when transferring to and from their wheelchair. In addition transfers take place in a different settings.
Previous studies have estimated that, on average, a person with spinal cord injury (SCI)
transfers to and from their wheelchair approximately 15 times a day [5] [6] [7] . However, the number of transfers reported by each individual can vary from 0 to 45 transfers per day [5] . To our knowledge, no study so far has investigated the causes of such a large variation.
Several factors can affect the individual's ability to perform wheelchair transfers.
Studies by Dalyan et al [8] and Samuelsson et al [9] reported that presence and the intensity of upper limb pain interfered with the performance of wheelchair transfers for 74% and 62% wheelchair users with SCI. Transferring, particularly transferring into and out of a car, is one of the items on the Wheelchair Users Shoulder Pain Index (WUSPI) which receives the highest reported intensity of pain by wheelchair users [10] .
However, these studies give us no indication of how pain impacts the performance of wheelchair transfers; nor if and how people with different impairments are affected by the presence of pain during transfers.
Several studies have also identified how different types of wheelchair transfers (wheelchair-toilet, wheelchair-car, wheelchair-bed) can be more or less difficult for the individual and potentially lead to increased physical effort [11, 12] . Additionally, Toro et al [13] measured the influence of different environmental factors such as height difference, gap dimensions, the presence of an obstacle, the presence and height of a frontal or lateral grab bar on the performance of wheelchair transfers. Results indicated to have an important effect on performance level during wheelchair sports [15] .
Furthermore, studies from Best et al [16] and Sakakibara et al [17] have shown how increased confidence and self-efficacy of manual wheelchair skills results in improved performance that positively affect participation. Wheelchair transfers are described as an important and challenging activity for many wheelchair users [1, 11] but how does the level of independence and the technique used by the individual affects selfconfidence and satisfaction?
Most studies on wheelchair transfers have focussed on one aspect related to the performance of wheelchair transfers such evaluating the impact of upper limb pain [10] or transfer set up and environmental constraints [13] . Moreover, the majority of available studies eithers focuses on the performance of independent sitting transfers performed by people with SCI [18] or generalises findings across many wheelchair This study has a two-fold aim. The first is to identify general characteristics of wheelchair users who perform wheelchair transfers with various levels of independence and using different transferring techniques. The second aim is to explore which factors affecting the performance of wheelchair transfers are dependent on the transferring technique adopted by the individual and which factors are relevant regardless of how the transfer itself is performed.
Method

Materials and Procedure
A five section cross-sectional self-administered survey was purposefully designed by the authors for the study. over 18 years and use of a wheelchair as a primary mean of mobility (both selfreported). The landing page included an informed consent form and participants were able to access the survey once they had agreed to participate.
The survey was not tested for validity and reliability prior to use. However, to ensure readability and accessibility an earlier version of the surveyThe questionnaire was pilot tested with a small group of both manual and powered wheelchair users (n = 10) that had different medical conditions and performed different types of wheelchair transfers with various degrees of assistance. According to their feedback, two additional items were introduced and some minor changes in the wording of three questions were implemented in order to improve clarity. The final survey contained 23 items divided into five sections:
(1) Demographic Information (8 Questions): General characteristics of the respondent were collected in this section including the subject's gender, age, weight, height, and the experience as a wheelchair users (in months and years), the primary medical condition, the primary type of wheelchair used and any additional wheelchairs used. The survey was distributed in electronic form and potential participants were recruited by through advertisements in UK based charities newsletters, websites and social media.
Additional participant calls were made by posting on forums for wheelchair users, placing flyers in rehabilitation centres and word of mouth. Inclusion criteria for the Spearman's correlation was used to assess the relationship between satisfaction with transfer performance and reported difficulty across different transferring techniques.
Lastly, independent t-test were employed to assess the impact of participant's weight on the likelihood of AT use during transfers. Level of significance for all statistical tests was set at .05.
Results
Participants
A total of 42 fully completed surveys were returned. Demographic characteristics are presented in Table 1 . The median age of the respondents was 46. 
Frequency of transfers, types of transfers and reported difficulty
The median number of transfers performed daily by respondents was 8 (IQR = 5.3).
There was a statistically significant difference between transferring technique groups as determined by the Kruskal Wallis Test (χ2 (2) assistance (4.6 ± 2.4 min, p = .022) compared to participants who performed independent sitting-pivot transfers (11.6 ± 8.8 min). Participants performing independent standing-pivot transfers reported an average of 7.6 ± 2.5 transfers per day but the difference was not significant when compared to the other 2 groups (lowest p = When looking at the types of transfers performed by individuals by transferring technique group, we found that car transfers were performed by 91.3% of the participants using an independent sitting-pivot transferring technique. Respectively, only 62.5% and 54.5% of wheelchair users performing standing-pivot and assisted transfers reported regular transfers to and from car seats. Similarly, people using an independent sitting-pivot technique were more likely to perform house transfers (69.6%) compared to individuals performing independent standing-pivot transfers (62.5%) or assisted transfers (54.5%). Transfers between wheelchairs were common practice for all respondents using an independent standing-pivot technique while they were performed by only 65.2% of individuals using independent sitting-pivot technique and 54.5% of people performing assisted transfers.
Participants were also asked to rank the level of difficulty of each transfer they routinely perform on a Likert scale from 1 (Very Easy) to 7 (Very Hard). When considering all participants within a single group, bed transfers were considered the easiest among the more frequent transfers (Mean 2.74, STD ± 1.71). House transfers are .038) and house transfers (χ 2 (3) = 9.023, p = .029). Post-hoc analysis showed that in both cases the differences were only significant when comparing respondents whose pain is always exacerbated by transfers and the other three groups (highest significant p = .043).
Motivation and satisfaction with transfer performance
Over 88% of respondents considered transferring skills extremely important, giving the maximum score of 7 on the provided Likert scale. This was further confirmed by the fact that, when asked about the effort invested in the task, 85.7% of the respondents stated that they invested great effort in performing wheelchair transfers safely and effectively (Score 6 and 7 on Likert scale). Participants were generally, satisfied with the way they transferred in and out of their wheelchair and they felt reasonably secure during the performance. However, 16.7% of respondents were unsatisfied with their Regardless of their transferring technique, participants who reported increased difficulties for various types of transfers were less likely to be satisfied with their transferring skills (r = -.505, p < .001). Furthermore, pain during transfer also had an effect on how nervous respondents felt during transfer performance (χ 2 (3) = 9.788, p = .020). Post hoc analysis revealed how differences in the level of perceived insecurity are significant only for respondents complaining of occasional pain during transfers (2.95 ± 2.16 min, p =.012) and respondents reporting constant pain during transfers (5.88 ±
1.25).
Use and needs for ATs
The vast majority of respondents, 73.8%, declared to benefit, in one or more situation, from the use of an AT assistive technology or from the presence of environmental modifications such as swivel seats or adapted vehicles. Overall, grab bars were the most commonly adopted, used by 42.9% of participants, followed by transfer board, hoists, environmental modifications and other less common devices. . However, the type of transfer for which each assistive technologyAT is usually employed differ from one We found no significant relationship between the likelihood of AT use and the transferring technique adopted by the subject (p = .28). Surprisingly, the choice of AT was only mildly affected by the individual's transferring technique. Transfer boards were more common among participants performing independent sitting-pivot transfers, while grab bars used more by participants who transferred while standing up. However, the difference in AT distribution was only significant for hoists which were used almost exclusively by people needing assistance for transferring (p = .025). Regardless of participant's transferring technique, no association was found between the presence of pain during transfers and the use of ATs. However, as shown in Figure 5 , participants who reported use of various ATs during transfers were found to be significantly heavier (78.603 ± 22.186) than participants who transferred without using any AT (63.764 ± 16.256) t(40) = -2.027, p = .049.
Figure 5 Discussion
Most studies on wheelchair transfers have focussed their efforts towards attempting to isolate and explain individual variables that affect the performance of wheelchair transfers such as the presence of upper limb pain [10] , the configuration of the transfer set-up [13] or the impact of specific aspects of the physical impairment affecting the individual [25] . As noted by Crytzer et al [21] this approach is not sufficient to capture the complexity of aspects that can affect the ability of an individual to perform wheelchair transfers. To our knowledge, this is the first study attempting to take a more comprehensive look at the various factors that can affect the performance of wheelchair transfers and explore the potential relationships among them.
Barbareschi et al [19] show how the use of different transferring techniques can have a great impact on the safety of the transfer and the mechanical loading on the upper limbs.
As transferring technique plays such an important role in the performance of wheelchair transfers, the first aim of this study was to analyse the individual characteristics that are associated with the performance of sitting-pivot, standing-pivot and assisted transfers.
Results from our survey showed that primary medical condition is the main factor that determines the movement strategy adopted by the person when transferring. As weight has been shown to significantly decrease the functional abilities of many wheelchair users [26] , we expected individuals with higher bodyweight to be more likely to require assistance during transfers. However, our findings show that, while grater bodyweight increased the likelihood of ATs use, it had no impact on the transferring technique used by participants nor it affected their need for assistance. Results from the survey confirmed the fact that transferring technique had an important impact on the performance of wheelchair transfers in real life. However, we identified several aspects that were crucial for all wheelchair users, regardless of the way in which they transferred.
In the survey carried out by Fliess-Douer et al [1] , wheelchair users with different impairments, lifestyles and abilities agreed in rating transfers as the most essential skills in everyday life. Our study shows similar results with 88% of Reported perceived difficulty of different transfer type was mostly in line with results presented by Janssen et al [12] , who measured physical strain, based on individual's hart rate, of several ADL including various wheelchair transfers. Transfers to the car seat and to a shower wheelchair were identified as more strenuous activities, while toilet and bed transfers appeared to be less demanding. In our study, participants identified car transfers and transfers between wheelchairs as more difficult to perform, however bed transfers were considered significantly easier than bathroom transfers.
Differences could be due to different experimental set ups, as Janssen et al [12] asked 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w participants to perform transfers in a series of standardized environment while we asked people to evaluate the transfers they perform in their own home. Additionally, Janssen et al [12] evaluated three bathroom transfers (toilet, shower bench and shower chair)
separately, while in our study they were grouped together as bathroom transfers which might have been confusing for respondents. Transferring technique was found to have an important impact on the perceived difficulty of wheelchair transfers. Unsurprisingly, participants who needed assistance for transferring reported consistently higher scores for transfer difficulty across different transfer types. On the other hand, we expected participants who were able to perform independent standing transfers to report lower difficulties than participants who relied on their upper limbs for transferring. However, even if they are able to reach a standing position, many wheelchair users will lack both lower limbs' strength and balance. This is likely to make their transfers more challenging, despite the fact that their physical impairment appears to be less severe compared to people who need to fully rely on their upper limbs for transferring.
Overall, the average number of transfers performed daily by our respondents was lower than reported in literature. However, in the study carried out by Curtis & Black [5] and
Finley et al [6] included only paraplegic respondents able to perform independent wheelchair transfers. Unsurprisingly, participants who required assistance reported the lowest number of transfers per day. The combination of increased difficulty and their need to rely, at least partially, on caregivers' help, made them more likely to only perform transfers that were essential to them. Similarly, we hypothesize that the higher difficulty reported by individuals performing standing transfers is at least partially responsible of the reduced number of transfers carried out in a day.
The incidence of upper limb pain among our respondents was consistent with findings from literature and appeared unaffected by participants' transferring technique 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w [28, 29] . The interference of upper limb pain during transfer performance identified by
Samuelsson et al [9] was confirmed by the fact that over 66% of participants reported that pain was often exacerbated by the performance of wheelchair transfers. On the other hand, as noted by Finley et al [6] the presence of upper limb pain did not have any significant effect on the number of wheelchair transfers performed in a day. As previously highlighted, the ability to transfer in and out of their wheelchair is crucial for the individual's independence. For this reason, wheelchair users might chose to endure the pain caused by the task in order to not lose their independence. The presence of upper limb pain was also shown to affect the perceived difficulty of transfer performance and increased the sense of anxiety people might experience during the performance of wheelchair transfers. This is particularly important considering transfers have a great influence on the overall fear of falling that wheelchairs users might experience [30] . Anxiety might also negatively affect performance and increase the risk of falls as it has been documented for walking, particularly among elderly respondents [31] . modifications and non-portable devices, such as wheelchair hoists, the use of transfer boards was also found to be subjected to this variability. As illustrated in the study conducted by Haubert et al [20] , the environmental conditions in which a wheelchair transfer is performed will have an important effect on the movement strategy of the individual and these changes appear to be relevant regardless of the technique or AT used.
Participants found their ATs assistive technologies generally easy to use and reported an increased level of confidence when performing transfers. Over 83% of the respondents reported encountering at least one difficulty when using assistive technologiesATs.
Frustrations were mainly related to physical limitations of various devices, including excessive weight, bulky profile and instability during transfer performance. Inability to deal with space constraints, low portability and excessive cost were also among the most common reasons participants provided to explain why they chose to not use any assistive technologyAT. These findings suggest that the different types of transfers the individuals perform and the environmental constraints associated with each type of transfer might affect, beside the transferring technique, also the ability to use ATsassistive technologies when needed.
Limitations
This study provided important new data on the relationship between factors that can affect the performance of wheelchair transfers, however there are limitations that need to be considered. Although our results appear to agree with finding from larger studies, due to the small sample size and the limited age range of respondents' generalization of the results should be carried out with caution. Additionally all our participants where UK residents and their attitude towards several of the investigated factors, including pain, need for assistance and assistive technology AT use might be different from other [32] . Lastly, although we invited people to express comment, concern or suggestion concerning additional factors that might affect the performance of wheelchair transfer, the format of an online survey might be too simplistic for such a discussion. Hence we think the complexity of the phenomenon might benefit from additional exploration though qualitative and quantitative studies.
Conclusions
There are several factors that can affect the performance of transfers in the real world and it is the combination of these individual factors that makes transfers a challenging activity for many wheelchair users.
Figure 6
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Implications for Rehabilitation
• Transferring technique is usually determined by the individual's impairment. In turn, transferring technique will greatly affect the perceived difficulty of different types of wheelchair transfers and, the number of transfers that people will perform in a day.
• The performance of wheelchair transfers exacerbate the painful symptomatology of the person, regardless of their medical condition or transferring technique. The presence of pain increases the reported difficulty of wheelchair trasnfers.
• Use of assistive technologies during transfers is linked to the increased body weight of the person, while the choice of the type of assistive technology seems to be dependent of the transferring technique used by the person. Overall, available ATs are only moderately effective in enabling people to perform wheelchair transfer and they can be cause of frustration for the users due to their high cost and limited functionality. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
